We examined the effect of average luminance level on texture segregation by motion. We determined the minimum presentation duration required for subjects to detect a target defined by motion direction against a moving background. The average luminance level and retinal position of the target were systematically varied. We found that the minimum presentation duration needed for texture segregation depends significantly on the average luminance level and on retinal position. The minimum presentation duration increased as the mean luminance decreased. At a very low (presumably scotopic) luminance level, the motion-defined target was never detected rapidly. Under scotopic conditions, the minimum presentation duration was shorter in the periphery than in a near foveal region when the task was simple detection of the target. When the task included identifying the shape of the target patch, however, the target presented near the fovea was identified faster at all luminance levels. These results suggest that the performance of texture segregation is constrained by the spatiotemporal characteristics of the early visual system.
Introduction
The segregation of a visual scene into figure and ground is essential for object recognition (Beck, 1982; Julesz, 1971) . Texture segregation paradigms have been widely used to examine visual discrimination of figure from ground. Certain properties of a visual stimulus can be segregated spontaneously, leading to a clear percept of figure and ground (e.g., Bergen & Adelson, 1988; Julesz, 1981; Landy & Bergen, 1991; Nothdurft, 1985 Nothdurft, , 1993 Treisman, 1986, Chap. 35) . Motion information is one type of the visual properties that human observers can use rapidly to segregate a figure (target) embedded in a background. When the direction of motion of texture elements in a figure is different from that of the background elements, the target can be clearly perceived and easily segregated from the background (Braddick, 1974; Julesz & Hesse, 1970; Nothdurft, 1993; Regan & Berverley, 1984) .
To our knowledge, most previous studies of texture segregation have concerned vision under photopic conditions, where the average luminance level of the whole display is high enough to activate primarily or exclusively the cone system in the retina. A complete theory of texture segregation, however, should also explain how texture is processed at different light levels. The ambient light level may change by a factor of $10 8 between day and night in a natural environment (Hood & Finkelstein, 1986, Chap. 5 ) and, even under daylight conditions, the average luminance level fluctuates between photopic and mesopic levels (Poot, Snippe, & van Hateren, 1997; van Hateren, 1997) . In this study, we have examined texture segregation by motion at low luminance levels, from a mesopic to a scotopic range. The primary purpose of this study is to determine whether rapid texture segregation by motion is possible at low luminance levels.
It has recently been shown in several psychophysical experiments that motion perception is not invariant at different mean luminance levels (Dawson & Di Lollo, 1990; Gegenfurtner, Mayser, & Sharpe, 2000; Grossman & Blake, 1999; Takeuchi & De Valois, 1997 van de Grind, Koenderink, & van Doorn, 2000) . Perceived velocity, perceived direction of motion, and velocity discrimination performance all depend on the average luminance level. Takeuchi and De Valois (1997) suggest that one reason for this dependency is that the temporal response of visual mechanisms becomes more sluggish at low luminance levels (Swanson, Ueno, Smith, & Pokorny, 1987; Snowden, Hess, & Waugh, 1995) . Grossman and Blake (1999) showed that judging biological motion or form-from-motion was greatly impaired at low luminance levels, which suggests a possible decrease in the spatial resolution of a motion detector as the average luminance decreases. Based on these studies, a decrease in the average luminance level might be expected to affect the performance of texture segregation by motion.
Another factor that may affect texture segregation is the dependence of visual sensitivity on the retinal location at which a stimulus is presented. While absolute sensitivity is higher at the fovea under photopic and mesopic conditions, it is higher in the peripheral retina under scotopic viewing, partly due to the retinal variation in the density of rods (Hess, Sharpe, & Nordby, 1990; Hood & Finkelstein, 1986, Chap. 5) . To determine whether retinal eccentricity affects texture segregation by motion, the target was presented both at the near fovea and in the periphery.
Methods

Subjects
Four subjects, whose ages ranged between 21 and 32, participated in these experiments. They were paid volunteers who were unaware of the purpose and ongoing results of the experiment. All had normal or correctedto-normal visual acuity.
Stimuli and apparatus
Stimuli were generated on a Pentium-based computer with a VSG2/4 visual stimulus generator (Cambridge Research Systems) and displayed on a 21-in RGB monitor (SONY multiscan 20se). The frame rate of the monitor was 120 Hz (at which one frame ¼ 8.33 ms), with spatial resolution of 1024 · 764 pixels and graylevel resolution of 13 bits. The monitor was calibrated using a TOPCON BM-5 colorimeter, and its output was linearized (gamma corrected) under software control. For all experiments, the space-averaged chromaticity (CIE 1931) of the display was x ¼ 0:305, y ¼ 0:323. Subjects observed the display monocularly through a 2 mm artificial pupil, with head position maintained by chin and head rests. Viewing distance was 80 cm.
The mean luminance level was varied by placing neutral density filters just distal to the artificial pupil. The adapting levels varied from 2.0 to )1.5 log photopic trolands (log T p ) in seven steps. The corresponding luminance values were 30.0-0.009 cd/m 2 . We assumed that only the scotopic system is active at the two lowest adapting levels ()1.2 and À1:5 log T p ) (Hecht & Schlaer, 1936; Hood & Finkelstein, 1986, Chap. 5; Stabell & Stabell, 1981) , though we have not strictly demonstrated this through measurements of spectral sensitivity. Though the third lowest luminance used, À1:0 log T p , may also be in the scotopic range (Stabell & Stabell, 1981) , since the cone threshold depends not only on the stimulus parameters but also on individual variations, some cones could be active at this luminance level. The room was darkened and light shielded, with no other source of illumination present. Subjects initially darkadapted for 30 min before the beginning of the experimental sessions at low luminance levels (from 0.0 to À1:5 log T p ). To avoid having the elements spatially aligned, the spatial location of each texture element was randomly defined within this imaginary region with the constraint that the minimum distance between the two closest edges of adjacent elements must be greater than 0.05 deg. Each texture element contained a luminance-varying horizontal sinusoidal grating of 1.2 c/deg. The drift rate of the grating within each texture element was 4.3 deg/s (5.16 Hz). The starting phase of the sinusoidal grating in each texture element was randomly varied, illustrated in Fig. 1(A) . The grating within each texture element moved upward or downward, while the position of the texture element itself was not changed. The percent contrast, defined as ððL max À L min Þ=ðL max þ L min ÞÞ Â 100, of the sinusoidal grating patches, was 96%. The background was gray, with a luminance equal to the space-averaged luminance of the individual texture elements. The black fixation cross, which subtended 0.85 deg by 0.85 deg with a line width of 0.2 deg, was always presented at the center of the screen. Subjects were instructed to fixate while the stimulus was presented.
As shown in Fig. 1(B) , the stimulus field subtended 20.1 deg (H) by 14.2 deg (V) and contained 760 texture elements: 38 elements in the horizontal dimension and 20 elements in the vertical ( Fig. 1(A) illustrates only part of the full display). The target area was rectangular (2.1 deg · 4.3 deg as shown in Fig. 1(B) or 3.2 deg · 2.8 deg) and contained 24 texture elements (4 · 6 elements, or 6 · 4 elements). The distance between the center of the display and the nearest edge of the target was either 2.6 deg ( Fig. 1(B) ) or 9.6 deg ( Fig. 1(C) ). The target and the background were defined by a difference in motion direction of the moving texture elements. When the 24 texture elements inside the target moved downward within their stationary envelopes, the remaining 736 texture elements (background) moved upward. When the background elements moved downward, the target elements moved upward. The direction of motion (upward or downward) of the target was randomly selected on each trial. The target appeared to either the left or the right of the fixation cross; the target position was chosen pseudorandomly on each trial.
Two different tasks, detection and identification, were used. In the detection experiment (Experiment 1), the minimum presentation duration required to judge the target's position (left or right of the fixation cross) was estimated. In the identification experiment (Experiment 2), subjects identified the shape of the rectangular target area (whether it was vertically elongated or horizontally elongated). Both vertical and horizontal targets contained 24 elements, but their overall shapes differed. The horizontally elongated rectangle was composed of 6 elements (horizontal) by 4 elements (vertical), thus its size was 3.2 deg by 2.8 deg. The vertically elongated rectangle contained 4 elements (horizontal) by 6 (vertical) elements, making its size 2.1 deg by 4.3 deg. As in the detection task, the distance between the center of the display and the nearest edge of the target was either 2.6 or 9.6 deg. The minimum presentation duration required for reliably correct responses was estimated as in the detection experiment.
Procedure
On each trial, the fixation cross was presented for 1.2 s at the center of a uniform field of mean luminance. Then the cross flickered for about 40 ms, accompanied by a sound, to alert the subjects to prepare for the presentation on the display. A hundred milliseconds after the flickering stopped, the moving display ( Fig. 1(A) ) appeared for T ms. The duration (T ms) was determined by the responses in previous trials, using the staircase algorithm described below. The target area in which motion direction differed from that of the background was presented to either the left or the right of the fixation cross. Fig. 1(B) shows an example of the target appearing on the left side of the fixation cross. At the end of the T ms target presentation, a masking pattern was presented for 416 ms to prevent subjects from detecting the target position by its visible persistence. The masking pattern contained a similar set of texture elements, half (randomly selected on each trial) moving upward and half moving downward. All subjects reported that they did not see afterimages following target offset. When the masking pattern disappeared, a uniform field of the same average luminance appeared and remained until the subject responded.
The subject, by pressing one of two buttons on the response box, indicated the position (left or right) of the target in the detection task (Experiment 1). In the shape identification task (Experiment 2), the subject, by pressing one of two buttons on the response box, indicated the shape of the target. The presentation duration of the stimulus was varied using a staircase algorithm designed to converge to a 79% correct level (Levitt, 1971) . The presentation duration decreased after three consecutive correct responses and increased after one wrong response. No feedback was given. The size of the duration increments or decrements decreased as the staircase depth increased, being 5 frames (41.7 ms) in the beginning and falling to a terminal value of 1 frame (8.3 ms). The threshold for a given staircase run was computed as the mean of the durations of the final six out of The horizontal target also contained 24 texture elements (6 · 4 elements). The target and the background were defined by a difference in motion direction of the moving texture elements. The target appeared to be either left or right of the fixation cross. The distance between the center of the display and the nearest edge of the target was 2.6 deg in (B). (C) The distance between the center of the display and the nearest edge of the target was 9.6 deg. The target appeared to be either left or right of the fixation cross. nine turning points. Five to ten staircases were run to determine each threshold. Similar measurements were made for each subject at each adapting level. In each experimental session, two staircase sequences (descending and ascending) for two retinal eccentricities of the target (2.6 or 9.6 deg) were interleaved. Experiments at different adapting levels (from 2.0 to À1:5 log T p ) were run in different sessions.
3. Experiment 1: Detection task 3.1. Results Fig. 2 shows results from the detection task. The minimum presentation duration required for correct detection is plotted as a function of the average luminance level for each subject. Each data point is based on ten measurements. The error bars show the standard error of the mean. Filled circles show the data from conditions in which the target was presented at 2.6 deg eccentricity, and open circles show the data collected when the target was presented at 9.6 deg eccentricity. Asterisks identify comparisons in which the difference between the two data points for a given luminance level is statistically significant (p 6 0:05) using a two-tailed t-test.
Three points should be noted. First, at the highest average luminance (2:0 log T p ), the target at 2.6 deg eccentricity was reliably detected when it was presented for only 39 ms, which is the average for the four subjects (37 ms for AK, 47 ms for CA, 34 ms for MY, and 33 ms for Filled circles show the data from conditions in which the target was presented at 2.6 deg eccentricity, and open circles show the data collected when the target was presented at 9.6 deg eccentricity. Asterisks identify comparisons in which the difference between the two data points for a given luminance level is statistically significant (p 6 0:05) using a two-tailed t-test.
YI). This demonstrates that texture segregation by motion is rapid, as has been reported in previous studies (Julesz & Hesse, 1970; Nothdurft, 1993; Regan & Berverley, 1984) . A longer duration (53 ms for AK, 59 ms for CA, 44 ms for MY, and 54 ms for YI; 53 ms average) was needed to detect the target when it was presented in the periphery (9.6 deg) at the same average luminance level (2:0 log T p ). Similar eccentricity effects, in which the time needed for the detection of the target (or the reaction time for the detection of the target) is generally shorter when the target is presented near the fovea than at the periphery, have been demonstrated before (Yeshurun & Carrasco, 2000) . Second, the presentation duration required to detect the target increased as the average luminance level decreased. The minimum required average duration for the four subjects was 292 ms in the parafovea (2.6 deg) and 221 ms in the periphery (9.6 deg) at a retinal illuminance level of À1:5 log T p . The durations obtained were 218 (AK), 231 (CA), 209 (MY), and 220 ms (YI) in the periphery (9.6 deg), and 295 (AK), 309 (CA), 279 (MY), and 302 ms (YI) in the parafovea (2.6 deg). Thus, rapid texture segregation was not observed under scotopic conditions. The time needed for texture segregation depended strongly on the average luminance level.
Third, the effect of the retinal location of the target depended on the average luminance level. Under photopic conditions (2:0 log T p ), the presentation duration needed for the detection of the target presented in the parafovea (2.6 deg) was significantly shorter than when the target was presented in the periphery (9.6 deg) for all four subjects. As the average luminance level decreased, the advantage of the parafovea disappeared. There were no significant differences in the minimum required presentation duration between 2.6 and 9.6 deg at average luminance levels between 1.0 and À1 log T p for three subjects (AK, CA, and MY), and at average luminance levels between 0.0 and À1:2 log T p for YI.
At average luminances from )1.2 to À1:5 log T p for three subjects (AK, CA, and MY) and at À1:5 log T p for YI, the required presentation duration was significantly shorter for a target presented at 9.6 deg than at 2.6 deg. The asterisks in the figure denote a significant difference found by a two-tailed t-test (p 6 0:05). At low luminance levels, thus, the same target was detected faster at 9.6 deg than at 2.6 deg.
Experiment 2: Shape identification task
Grossman and Blake (1999) have shown that the ability to judge form from motion is impaired at scotopic luminance levels. Their subjects judged the shape of a rectangle (horizontal or vertical) defined solely by a difference in motion direction. The minimum aspect ratio (height to width) for correct segregation was estimated and found to be significantly larger at scotopic light levels than under photopic conditions. Consistent with their results, our subjects reported that even at presentation durations at which the target could be detected, its shape was often not clearly perceived. To examine this further, we used an identification task in which subjects judged whether the target was vertically elongated or horizontally elongated. The details of the experimental procedure and methods were described earlier. Fig. 3 shows the average minimum presentation duration needed to identify the shape of the target as a function of the mean luminance for four subjects. Each data point is based on ten measurements for each of four subjects. All subjects reported that at photopic levels each texture element was clearly perceived and the motion-defined edge was clear. However, as the average luminance decreased, the texture elements no longer appeared to be discrete. The target was perceived as a single object moving in a direction opposite to that of the background, and the shape of the motion-defined edge of the target was ambiguous.
Results
Two points should be noted. First, the required presentation duration increased as the average luminance level decreased. At 2:0 log T p , the target was reliably identified when it was presented for 66.4 ms at 2.6 deg or 93.5 ms at 9.6 deg (the average of four subjects). The averaged required presentation duration reached 512.6 ms (at 2.6 deg) and 749.0 ms (at 9.6 deg) at the lowest average luminance level (À1:5 log T p ). These values are notably larger than those obtained in the detection task (Fig. 2) .
The second point is that there is a notable difference from Experiment 1: the performance was better at the parafovea (2.6 deg) than at the periphery (9.6 deg) at every luminance level examined. The asterisks in the figure denote a significant difference found by a twotailed t-test (p 6 0:05). A two-tailed t-test showed that there were significant differences between the presentation durations at 2.6 and 9.6 deg eccentricities at all luminance levels. Fig. 4 shows the ratio of the presentation durations obtained for the detection task (Fig. 2) and the identification task (Fig. 3) for each subject. Values greater than one indicate that the presentation duration was larger for the identification task than for the detection task at a particular mean luminance. Note in Fig. 4 that the values are always greater than 1, showing that identification always required a longer presentation duration than detection at all luminance levels. For all subjects, the ratio varied little with luminance level when the target was presented in the parafovea (2.6 deg). When the target was presented in the periphery (9.6 deg), the ratio did not greatly vary between 2.0 and 0:0 log T p for subjects AK, CA, and YI, and between 2.0 and 1:0 log T p for subject MY. However, the ratio varied greatly, from around 2 to over 3, when the average luminance became less than 0:0 log T p for all subjects. Thus, to identify the shape of the region defined by motion contrast becomes difficult more rapidly at 9.6 deg eccentricity than at 2.6 deg eccentricity as the average luminance level decreases.
Discussion
The main finding from our experiments is that a target defined by motion does not pop out at low luminance levels, especially under scotopic conditions. A display presentation of $200-300 ms was needed to determine the position of the target area at the lowest light level. This is long compared to the duration thresholds obtained under photopic conditions (40-60 ms). Since we used nearly maximum luminance contrast (96%), this result suggests that rapid texture segregation may NOT occur at all in scotopic vision. Also, we found that texture segregation is faster at the periphery than at the parafovea at low luminance levels (Experiment 1). However, in the identification task (Experiment 2), the advantage of peripheral presentation at lower luminance levels was not observed. Fig. 3 . Results from the identification task for the four subjects (AK, CA, MY and YI). The average minimum presentation duration required for correct identification is plotted as a function of the average luminance level. The error bars show the standard error of the mean. Some error bars are smaller than the symbols. Filled circles show the data from conditions in which the target was presented at 2.6 deg eccentricity, and open circles show the data collected when the target was presented at 9.6 deg eccentricity. Asterisks identify comparisons in which the difference between the two data points for a given luminance level is statistically significant (p 6 0:05) using a two-tailed t-test.
We found that texture segregation by motion is rapid in photopic vision and slow in scotopic vision. Conventionally, rapid texture segregation (and pop-out in visual search tasks) has been considered to be a function of an early visual process, a so-called preattentive mechanism, while slow texture segregation reflects an attentional mechanism that searches serially for the target (Julesz, 1984; Treisman, 1985) . If so, our results could be interpreted to suggest that two different mechanisms, pre-attentive and attentive mechanisms, function separately under photopic and scotopic luminance levels. Though we do not have compelling evidence that would force us to discard this hypothesis, other recent studies have suggested a different way to interpret the speed of texture segregation (and visual search) without assuming qualitatively different pre-attentive parallel and attentive serial mechanisms (McElree & Carrasco, 1999; Sutter & Graham, 1995) . McElree and Carrasco (1999) argued that the differences in performance of visual search measured by a reaction time task can be explained without assuming the involvement of two types of attentive mechanisms. In their argument, the performance of two types of visual search task, feature search and conjunction search, which had been assumed to rely upon different attentional mechanisms, are well explained by discriminability between the target and its distracters and the rate of information processing. Sutter and Graham (1995) have shown that such an analysis can be applied to texture segregation performance with first-and second-order texture patterns. (Fig. 2) and the identification task (Fig. 3) as a function of the average luminance level for four subjects (AK, CA, MY and YI) . Values greater than one indicate that the presentation duration was larger for the identification task than for the detection task at a particular mean luminance.
Based on their arguments, we suggest that the slowness of texture segregation by motion at low luminance levels shown in Fig. 2 could result from decreases in the discriminability of the target from its background and also from a decrease in the rate of information processing at low luminance levels. The change in discriminability should be related to the change in visual sensitivity at different luminance levels, if we assume that suprathreshold visibility is closely related to threshold sensitivity. Contrast sensitivity decreases as the mean luminance decreases (De Valois, Morgan, & Snodderly, 1974) , while the retinal position at which peak sensitivity is observed shifts from the fovea to the periphery (Hess et al., 1990; Hood & Finkelstein, 1986, Chap. 5) . The most closely related measurement may be that of Hess, Nordby, and Pointer (1987) , who measured detection thresholds for Gabor patterns with a center spatial frequency of 0.8 c/deg and temporal frequency of 5.0 Hz. These values are similar to the center spatiotemporal frequency of the texture elements in our display (1.2 c/deg and 5.16 Hz). They found that contrast sensitivity was highest at photopic levels (2:2 log T p ) and decreased as the average luminance decreased to a scotopic level (À1:8 log T p ). When the relative sensitivity at different retinal locations was compared, it was highest at the fovea under photopic conditions, and at 5-15 deg in the periphery under scotopic conditions (Fig. 4F in Hess et al., 1987) . Qualitatively, the variation in visual sensitivity measured by Hess, et al. is parallel to the texture segregation data shown in Fig. 2 . The required presentation duration increased (thus performance became poorer) as the average luminance level fell. At the same time, the retinal region of best performance reversed from the near fovea at high luminance levels to the retinal periphery at low luminance levels.
Another possible explanation of the slow texture segregation under scotopic vision is a decrease in the rate of information processing (McElree & Carrasco, 1999; Sutter & Graham, 1995) . In the experiments we describe here, it is not clear to us that we can distinguish between an explicit change in the rate of information processing and a change in total time required, which could result from, for example, a latency increase. Though the rate of information processing and the total time to response have not always been clearly defined in previous studies, it is reasonable to assume that the sluggish temporal response of the visual mechanism might be a factor under some low luminance conditions. It is well known that the temporal response of the visual system becomes slower as the average luminance decreases (Hess, Waugh, & Nordby, 1996; Kelly, 1971; Snowden et al., 1995; Swanson et al., 1987) . Swanson et al. (1987) , using psychophysical measures, estimated the shape of the temporal impulse response function and showed that the peak of the function becomes increasingly delayed as the average luminance falls. Snowden et al. (1995) also showed that the peak temporal frequency becomes lower while the overall shape of the temporal contrast sensitivity function shifts from bandpass to low-pass as the average luminance level decreases. The shift in peak temporal frequency reflects a delay in the peak of the temporal impulse response function in the time domain. Dawson and Di Lollo (1990) and Takeuchi and De Valois (1997) have demonstrated that motion direction judgments can be influenced by the increased latency to peak of the temporal impulse response function under low luminance levels. A delay in the temporal impulse response function should also be related to an increase in the time required for information processing within a system, since the eventual output from the system will be delayed by a corresponding amount. In our experiments, all subjects reported that the target appeared to emerge from the background gradually and slowly at low luminance levels, which appeared to be related to the longer required presentation duration as the average luminance decreased. Our results indicate that the sluggishness of temporal response affects texture segregation at a suprathreshold contrast level.
Earlier studies that measured detection thresholds for patterns of various spatiotemporal frequencies at different retinal eccentricities have shown that the peak temporal frequency becomes lower as the eccentricity increases (Kelly, 1985; Snowden & Hess, 1992) . Since the shift to lower temporal frequencies in the periphery is related to the delay in the peak of the temporal impulse response function, it is not surprising that the required presentation duration in the retinal periphery is greater than that measured at a parafoveal location under photopic conditions. Hess et al. (1996) suggested, based on masking experiments, that a temporal frequency channel tuned to about 8 Hz is functioning in the periphery at scotopic light levels. Since such a fast temporal mechanism has not been found under scotopic conditions at the fovea (Snowden et al., 1995) , Hess et al. (1996) argued that the fast temporal mechanism exists only in the periphery. If they are correct, this additional temporal channel could be responsible for the advantage of the periphery in detecting a moving target under scotopic conditions, as shown in Fig. 2 .
The results of the identification experiment (Fig. 3 ) could be similarly explained by assuming that the spatiotemporal characteristics of the early visual system, the ways in which visual sensitivity and the shape of the temporal impulse response function vary with average luminance level, are the primary determinants of the ability to segregate textures based on motion differences at different luminance levels. A notable difference between the detection task (Experiment 1) and the identification task (Experiment 2) is that the performance at the periphery in the identification task is lower at all luminance levels examined. It is well known that spatial resolution is degraded as eccentricity increases and as mean luminance decreases (De Valois & De Valois, 1988; Hess et al., 1987; Hood & Finkelstein, 1986, Chap. 5) . The decrease in spatial resolution in our identification task may be related to the decrease in discriminability between the target and the background. A reduction in discriminability could be responsible for a longer required presentation duration for texture segregation (Sutter & Graham, 1995; Sutter & Hwang, 1999) . Our observations are also consistent with the suggestion of Grossman and Blake (1999) that shape discrimination may be difficult even when the motion directions of the target and the background are clear.
As described earlier, the ratio of the presentation durations obtained for the detection task (Fig. 2) and the identification task (Fig. 3) varied greatly around the average luminance of 0:0 log T p . We assume that spatial resolution greater than some threshold value was required to identify the shape of the target at this luminance level. This could produce a large increase in the time required for the identification task, as seen in Fig.  4 . Though we do not know how this threshold is set in visual information processing, there is a possibility that a higher-order mechanism plays a role in detecting a form from motion contrast. Vaina (1989) reported that the patient whose right occipito-temporal lobe was damaged could detect motion, but judging the shape of a motion-defined pattern was more difficult. Vaina's results suggest that higher-order systems such as those instantiated in area V4 or area TE may be required to complete the identification task used in our study. Regan, Giaschi, Sharpe, and Hong (1992) also described patients with unilateral cerebral hemispheric lesions whose visual loss is specific to motion-defined form while their ability to detect motion is intact. The several differences observed between the detection task ( Fig. 2) and the discrimination task (Fig. 3) such as the effects of retinal location might come from the dissociation of neural processing underlying these two tasks.
